//V-3 


NAS A Technical Memorandum 106505 


J207&37 

5P 


^ 3 


Temperature Dependent Performance of Coplanar 
Waveguide (CPW) on Substrates of Various 
Materials 


Susan R. Taub 
Lewis Research Center 
Cleveland, Ohio 

and 

Paul Young 
University of Toledo 
Toledo, Ohio 


Prepared for the 

MTT-S International Microwave Symposium 

sponsored by the Institute of Electrical and Electronics Engineers 

San Diego, California, May 23-28, 1994 


(NAS A- TM- 106505) TEMPERATURE 
DEPENDENT PERFORMANCE OF COPLANAR 
WAVEGUIDE (CPW) ON SUBSTRATES OF 
VARIOUS MATERIALS (NASA) 5 p 


N94-2 5 170 


Unci as 


NASA 


G3/33 0207539 


TEMPERATURE DEPENDENT PERFORMANCE OF COPLANAR WAVEGUIDE (CPW) 
ON SUBSTRATES OF VARIOUS MATERIALS 


Susan R. Taub 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 

and 

Paul Young 
University of Toledo 
Toledo, Ohio 43606 


ABSTRACT 

This paper presents the attenuation (a) and effective 
dielectric constant (e e ff) °f Coplanar Waveguide (CPW) 
transmission lines on high-resistivity silicon and diamond 
substrates as a function of both temperature and frequency. 
The technique used to obtain the values for a and Eeff involves 
the use of a unique cryogenic probe station designed and build 
by NASA. Attenuation of gold CPW lines on diamond 
substrates is compared with that of superconducting CPW 
lines. 


INTRODUCTION 

Materials such as: gallium arsenide(GaAs), alumina 
and RT Duroid have traditionally been the substrates of choice 
for microwave and RF applications because of their low loss. 
However, there are many applications where these materials 
are not suitable. Power amplifiers and some optical 
applications, for instance require substrates capable of 
removing large amounts of heat. Large scale commercial 
applications, such as cellular communications require 
substrates that are low-cost, easy to manufacture and capable 
of being integrated with digital technology. Although silicon 
is a very mature technology, it has not been used as a 
microwave substrate because of its extremely high dielectric 
loss. It has been shown both theoretically (1) and 
experimentally (2) that the dielectric losses associated with 
silicon substrates become negligible when the resistivity of 
the silicon is at least 2500 Q-cm. Another substrate that is 
not typically used for microwave applications is diamond. It 
wasn’t until recently that diamond substrates became 
commercially available at a reasonable cost. Since diamond 
has the highest known thermal conductivity of any material 


(up to 1 800 W/m-K available commercially) and e r of 5.7, it 
is an ideal substrate for microwave power applications. 

This paper examines the characteristics of Coplanar 
Waveguide (CPW) transmission lines on high resistivity 
silicon and diamond substrates. Attenuation (a) and effective 
dielectric constant (e e ff) are reported as a function of 
frequency, temperature and CPW geometry. 

EXPERIMENTAL RESULTS 

CPW lines were fabricated, in gold, on a high- 
resistivity silicon (HRS) substrate with the following 
characteristics: p > 30,000 Q-cm, substrate thickness 
(d) = 0,2 mm, and gold thickness (t) = 2.5 pm. A set of lines 
with a characteristic impedance of 50 Q was fabricated. The 
strip (S) and slot (W) widths of the set was: S = 50 pm, 
W = 25 pm. CPW lines were fabricated also, in gold, on a 
diamond substrate with t = 2.4 pm and d = 0.35 mm. The 
substrate was grown by Diamonex. Two sets of 50 Q lines 
were fabricated with S = 125 pm, W = 25 pm and 
S = 250 pm, W = 50 pm. 

The lines were measured using an Hewlett-Packard 
85 1 0C Automatic Network Analyzer and a custom cryogenic 
probe station, a and Eeff were calculated from the measured 
S-parameter data using a TRL calibration routine called 
DEEMBED developed by NIST (3). a and Eeff of the CPW 
lines at both room temperature and 77 K as a function of 
frequency are shown in figures 1 and 2, respectively. The 
attenuation was calculated over the entire range, no 
interpolation was used. The discontinuities in curves A and 
D are due to bad data points which were omitted. Attenuation 
improves with temperature, with a greater improvement seen 
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at higher frequencies. In the case of the HRS substrate, E e ff 
becomes lower at 77 K and is dependant on the S and W of 
the CPW line. Where, as in the case of the diamond substrate, 
there is almost no change in Eeff with temperature or CPW 
geometry. This is partially due to the fact that the diamond 
substrate is almost twice as thick as the HRS substrate. The 
a of the larger geometry CPW line on diamond has extremely 
low loss at 77 K. Figure 3 shows an expanded version of this 
curve along with values of a for superconducting CPW lines 
[4]. This shows that gold CPW lines on diamond at cryogenic 
temperatures have an a very close to (and in some cases, 
perhaps better than) those lines made of high-Tc 
superconducting materials. 


CONCLUSIONS 

Values for a and Eeff for CPW lines are given as a 
function of frequency and temperature. The lines were 
fabricated on both HRS and diamond substrates. This is the 
first presentation of microwave transmission line data on 
diamond. e e ff was shown to decrease with temperature for 


lines on HRS substrates but remains relatively constant for 
those on diamond substrates. Attenuation improved, for both 
substrates, as a function of temperature. CPW lines on 
diamond showed superior performance, comparable with that 
of superconducting CPW lines. 
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Figure 1 .-Attenuation of CPW lines on: 

A: High resistivity silicon, S=50 pm, W=25 pm, at 293 K 
B: High resistivity silicon, S=50 pm, W=25 pm, at 77 K 
C: Diamond, S=125 pm, W=25 pm, at 293 K 
D: Diamond, S=1 25 pm, W=25 pm, at 77 K 
E: Diamond, S=250 pm, W=50 pm, at 77 K 
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Figure 2.-Effective Dielectric constant of CPW lines on: 

A: High resistivity silicon, S=100 (im, W=50 jim, at 77 K 
B: High resistivity silicon, S=100 ^m, W=50 |im, at 293 K 
C: High resistivity silicon, S=50 ^m, W=25 Jim, at 293 K 
D: Diamond, S=250 \irr\, W=50 \ xm, at 77 K 
E: Diamond, S=250 |im, W=50 \xm, at 293 K 
F: Diamond, S=1 25 jim, W=25 jim, at 77 K 



Frequency (GHz) 

Figure 3.-Attenuation of gold CPW lines on Diamond 
(S=250 ^m, W=50 ^m) and YBa 2 Cu 3 0 7 x CPW lines at 
77K on A: LaAI0 3 and B: MgO. 


3 





REPORT DOCUMENTATION PAGE 


Form Approved 
OMB No. 0704-0188 


Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searchmg existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson 
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0180), Washington, DC 20503. 


1. AGENCY USE ONLY (Leave blank) 


4. TITLE AND SUBTITLE 


REPORT DATE 

February 1994 


3. REPORT TYPE AND DATES COVERED 

Technical Memorandum 


5. FUNDING NUMBERS 


Temperature Dependent Performance of Coplanar Waveguide (CPW) 
on Substrates of Various Materials 


6. AUTHOR(S) 


Susan R. Taub and Paul Young 


WU-235-01-08 


7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135-3191 


8. PERFORMING ORGANIZATION 
REPORT NUMBER 

E-8583 


9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

National Aeronautics and Space Administration 
Washington, D.C. 20546-0001 


10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

NASA TM-1 06505 


11. SUPPLEMENTARY NOTES 

Prepared for the MTT-S International Microwave Symposium sponsored by the Institute of Electrical and Electronics Engineers, 
San Diego, California, May 23-28, 1994. Susan R. Taub, NASA Lewis Research Center and Paul Young, University of Toledo, 
Toledo, Ohio 43606. Responsible person, Susan R. Taub, organization code 5630, (216) 433-6571. 


12a. DISTRIBUTION/AVAILABILITY STATEMENT 

Unclassified - Unlimited 
Subject Category 33 


12b. DISTRIBUTION CODE 


13. ABSTRACT (Maximum 200 words) 

This paper presents the attenuation (a) and effective dielectric constant (e eff ) of Coplanar Waveguide (CPW) transmis- 
sion lines on high-resistivity silicon and diamond substrates as a function of both temperature and frequency. The 
technique used to obtain the values for a and e eff involves the use of a unique cryogenic probe station designed and 
build by NASA. Attenuation of gold CPW lines on diamond substrates is compared with that of superconducting 
CPW lines. 


14. SUBJECT TERMS 

Coplanar waveguide; High resistivity silicon; Diamond; Cryogenic 


17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 
OF REPORT OF THIS PAGE OF ABSTRACT 

Unclassified Unclassified Unclassified 


15. NUMBER OF PAGES 

5 


16. PRICE CODE 

A02 


20. LIMITATION OF ABSTRACT 


NSN 7540-01-280-5500 


Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 


















